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Abstract 
The term "reinvestment" refers to the propensity of consciousness exerted during the control 
of skilled movement (Masters & Maxwell, 2008; Masters, Polman, & Hammond, 1993).  
The aims of the study were to compare (a) the degree of reinvestment between first (L1) and 
second (L2) language speech production, and (b) how the level of reinvestment in L2 impacts 
the disruption of speech proficiency under stress.  Sixty Cantonese speakers whose L2 was 
English have filled in the Speech Reinvestment Scale (SRS) (Wong, in preparation) in 
reference to both their spoken Cantonese and spoken English.  They delivered a speech in 
English in a low stress condition and a high stress condition under a validated modified Trier 
Social Stress Test (TSST) (Tse, Wong, Whitehill, Ma, & Masters, in press).  The results 
showed a higher degree of reinvestment in L2 speech production than in L1.  Very high 
reinvestors tended to decline more in L2 speech proficiency than very low reinvestors under 
stress but the differences were not statistically significant.  These findings supported the 
hypothesis that L2 speech production required more conscious control than L1. Theory of 
reinvestment which state that high reinvestors are more likely to fail under pressure was 
partially supported.   
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Reinvestment and Speech Proficiency under Stress: Evidence from Cantonese learners of 
English as a second language 
Theory of Reinvestment 
 Theory of reinvestment proposed by Masters & Maxwell (2008) has attracted the 
attention of researchers for decades to investigate the relation among conscious control, stress 
and complex motor process (Jackson, Ashford & Norsworthy, 2006; Kinrade, Jackson & 
Ashford, 2009; Liao & Masters, 2002; Masters et al., 1993; Orrell, Masters, Pal, & Eves, 
2009; Wilson, Smith & Holmes, 2007).  Masters & Maxwell (2008) defined the term 
"reinvestment" as the "manipulation of conscious, explicit, rule based knowledge, by working 
memory, to control the mechanics of one's movements during motor output" (p.161). 
Reinvestment theory predicts that procedures are more likely to be disrupted when 
performers attempt to control the procedures consciously in a motor task with declarative 
knowledge, which is the knowledge about factual information (Anderson, 1982; Levelt, 
1989).  The increase in task-relevant declarative knowledge is assumed to be a negative 
predictor of performance by overloading the limited working memory resources.    
 To measure the level of reinvestment in a motor task, a validated Movement Specific 
Reinvestment scale (MSRS) was developed (Masters, MacMahon & Eves, 2007; Masters & 
Maxwell, 2008); Orrell et al., 2009).  High reinvestors (HR), who are individuals with a 
high score in MSRS, are expected to exert more conscious control during movement than low 
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reinvestors (LR), who score low in MSRS. 
  Theory of reinvestment predicts that HR with more skill-focused attention tend to 
accumulate more declarative knowledge and reinvest more conscious control on the 
execution of the movement.  With more task-relevant knowledge acquired, there is a greater 
propensity of HR to reinvest under pressure, resulting in a worse performance in a stressful 
condition than LR.  A wide range of studies involving motor and cognitive tasks supported 
the reinvestment theory (Jackson et al., 2006; Kinrade et al., 2009; Liao & Masters, 2002; 
Masters et al., 1993; Orrell et al., 2009; Wilson et al., 2007).  For example, Jackson et al. 
(2006) performed a field-hockey dribbling task during which participants completed 
low-pressure and high-pressure trials in single and dual performances tasks.  The findings 
showed that HR displayed higher susceptibility to movement disruption under stress than LR.  
Besides, dual-task condition was facilitative in increasing the speed of performance, 
suggesting that reduced conscious attention on skills could suppress the adverse effect on 
performances.  These findings were consistent with the theory of reinvestment that 
conscious attention on skills could deteriorate motor performances under stress.   
Automaticity of Speech Production in L1 and L2 
 In recent years, the application of theory of reinvestment on speech production has 
aroused interest of the researchers in the area of motor speech production (e.g., Tse et al., in 
press).  Despite the complexity of speech processing, the flow of articulation in one's native 
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language appears to be automatic such that we are not paying any effort (Levelt, 1989). 
Automaticity is a rule-based process without conscious awareness, during which the process 
is not subject to any executive control (Kormos, 2006; Levelt, 1989).  When executive 
control exists, the process becomes conscious during which demands for attentional resources 
are drawn from a limited-capacity resource pool, the working memory (Declerck & Kormos., 
2012; Kormos, 2000; Kormos, 2006; Levelt, 1989; Tomlin & Villa, 1994).   
 According to Declerck & Kormos (2012), the speech production system consists of four 
key components: 1. Conceptualization, which is the preverbal planning of the message by 
accessing procedural and propositional knowledge; 2. Formulation, which is the encoding of 
grammatical, lexical and phonological process; 3. Articulating, which is the execution of a 
phonetic plan to deliver speech; 4. Self-monitoring, which is the detection of errors in internal 
and overt speech (Declerck & Kormos, 2012; Kormos, 2006; Levelt, 1989).   During the 
speaking of L1, conceptualization and monitoring are the most subject to conscious 
processing, while formulation and articulating are largely automatic (Kormos, 2006).  The 
situation is different in L2 production however.  Although the speech mechanisms of L1 and 
L2 basically share an analogous pattern, there is a difference in the demand for resources in 
working memory between L1 and L2.  L2 speakers who have an incomplete linguistic 
knowledge have to also exert conscious control during the encoding and articulating 
processes (Kormos, 2006; Levelt, 1989; Robinson, 2011), resulting in a higher demand for 
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attentional resources which increases the risk in overloading the working memory (Dewaele 
& Fumham, 2000).  Thus, L2 production is less fluent than L1 production, including more 
pauses, greater hesitation phenomena, and decreased speech rate as reported in previous 
psycholinguistic studies (Dewaele & Fumham, 2000; Kormos, 2006; Mota, 2003).  Kormos 
(2000) and Declerck & Kormos (2012) provided evidences in their studies that 
self-monitoring of speech was more efficient in L1 than in L2, supporting the hypothesis that 
L2 speakers had less available attentional resources in speech production. 
Speech Production under Stress 
 Numerous researchers have reported that psychological stress had a significant negative 
impact on speech production (Dewaele & Furnham, 2000; Guitar, 2006; Iverach, Menzies, 
Brian, Packman & Onslow, 2011; Steeneken & Hansen, 1999; Tse et al. in press).  Tse et al. 
(in press) induced stress on participants and found significant changes in several speech 
components including an increase in pitch height and pitch variation when anxiety level 
increased.  Steeneken & Hansen (1999) induced a moderate range of stress on participants. 
Various speech parameters including pitch, intensity and duration revealed significant 
changes.  Besides, anxiety is a frequent contributing factor in speech dysfluency (Guitar, 
2006).  The literature review on the relationship between anxiety and stuttering by Iverach 
et al. (2011) reported a strong association between stuttering severity and anxiety level.  
Ratner & Tetnowski (2006) also suggested a significantly higher trait anxiety in stuttering 
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adults than non-stuttering adults.   
 Dewaele & Fumham (2000) explained the mechanisms of the disruption of speech 
production by stress whereby high anxiety resulted in more attentional selectivity and less 
attentional capacity of working memory, leading to a less efficient speech production. As L2 
production required more conscious intervention than L1, the risk of overloading working 
memory under stress was higher.   
Aims of Study 
 There have been few previous studies applying reinvestment on speech production in L1 
and L2.  An understanding of how reinvestment is responsible for the disruption of speech 
in L1 and L2 could provide insight for methods of learning tasks in speech production.  If 
reinvestment induces more disruption of speech production of L2 under stress, implicit 
learning, which minimizes accumulation of declarative knowledge and provides some 
immunity to reinvestment could be more preferable to learners than explicit learning (Masters 
& Maxwell, 2008; Orrell et al., 2009).  Thus, in an attempt to explore this new area of study, 
we have developed the following research questions: 
1.  Is there a significant difference in the degree of reinvestment between L1 and L2? ; 
2.  Is there a significant disruption of speech proficiency when stress increases? ;  
3.  Is there a significant difference in the degree of disruption of speech proficiency in L2 
speakers between high and low reinvestors when stress is induced?  
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 The study comprises of two parts related to L2 production and reinvestment.  Firstly, 
by comparing the reinvestment scores between L1 and L2 conditions, we hypothesize that the 
reinvestment score in L2 will be higher than L1. The second part focuses on the comparison 
of L2 speech performance in low and high stress conditions.  We predict that speech 
proficiency will decrease in the presence of stress and the speech proficiency of HR will 
degrade more than LR under stress.     
Method 
Participants  
 The participants were 60 native Cantonese-speaking students from the University of 
Hong Kong (HKU).  They aged from 18 to 24 years, and did not have any history of hearing 
impairment, speech and language disorder or learning disability.  All participants used 
English as their L2 and had been learning English for at least 15 years.  All completed local 
secondary school study in Hong Kong.  Seven of them received Chinese Medium 
Instruction (CMI) and the other received English Medium Instruction (EMI).  None of the 
participants had spent more than six months in an English-speaking country.  Thus, we 
assumed that all participants had a similar educational background in English.   
Materials 
 Measurement of speech reinvestment.  We measured the degree of speech 
reinvestment by Speech Reinvestment Scale (SRS) (Wong, in preparation) which was 
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adapted from MSRS.  It consisted of twelve questions and participants rated each question 
using a six-point Likert Scale ranging from 1 (extremely disagree) to 6 (extremely agree).  
We randomized the order of the questions into four sets with different sequencing to avoid 
possible order effect.   
 Measurement of anxiety level.  We measured anxiety level subjectively by an 
"Anxiety Thermometer" (Houtman & Bakker, 1989).  Houtman (1989) validated the 
"Anxiety Thermometer" by using a worldwide anxiety test, the State-Trait Anxiety Inventory 
(STAI) A-State scale.  Study of Tse et al. (in press) found a high positive correlation of the 
"Anxiety Thermometer"' with heart rate. The anxiety thermometer was a 10cm visual 
analogue scale ranging from 0 (not anxious at all) to 10 (extremely anxious).  Participants 
were required to mark a cross on the scale. By measuring the length from 0 to the cross in the 
unit of cm scale using a ruler, we calculated the anxiety score.      
 Recording.  We recorded speech samples by using a head microphone positioned at a 
distance of 5 cm from the participant’s mouth corner, through an external soundcard 
(M-audio Mobile PreUSB).  The background noise in the two sound attenuated rooms 
(Room A and Room B) rooms was less than 50 dBA. 
 Topics.  All participants gave a speech on two topics which were "What is your view 
on the impact of social network websites on human relationships" and "How has the 
development of smart phones influenced our lives".  To avoid any possible effect of 
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difficulty level, we randomized the order of topic assigned among participants. 
 Rating scale of speech proficiency.  Raters judged the overall proficiency of 
Cantonese speakers speaking in English on a 10 cm visual analog scale ranging from 0 
(heavily accented) to 10 (completely native).  Prior to the rating task, the raters listened to 
three exemplars simulated by a single speaker to represent the 0, 5 and 10 marks on the rating 
scale.  Ten listeners who were Cantonese speakers with English as their second language 
agreed the exemplars to be good examples.  The raters also read an "Indicator of 
Nativeness" prior to the rating task, developed based on the findings from numerous 
researches on L2 speaking proficiency (see Appendix E).  Iwashita et al. (2008) carried out a 
qualitative study to investigate factors contributing to the rating of proficiency of oral English 
as L2, and the results showed that vocabulary and fluency influenced ratings most.  In the 
speaking sub-test of the Occupational English Test (OET), overall communicative 
effectiveness, intelligibility, fluency, comprehension, appropriateness and grammar 
determined proficiency level (McNamara, 1996).  A worldwide English proficiency test, the 
International English Language Testing System (IELTS) has adapted four linguistic criteria 
including fluency and coherence, lexical resources, grammar and pronunciation (Brown, 
2000).  By summarizing the results from previous researches and international oral English 
tests, the Indicator of Nativeness consisted of four main areas including fluency, vocabulary, 
grammar and pronunciation, with detailed descriptions in each category.   
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Procedures   
 Experimenter A first explained the nature of study to participants without mentioning the 
stress intervention.  The participants completed the SRS twice, once referring to L1 and the 
other referring to L2 prior to the start of the speaking task in low and high stress conditions.  
Participants rated their self-rated anxiety before the start of speech in both conditions. 
 Low stress condition.  In the low stress condition carried out in Room A, participants 
first had a casual conversation with experimenter A.  Experimenter A then invited the 
participant to speak for a 2-minute monologue on a given topic to check for the recording 
equipment.  They could see the recording equipment and knew they were being recorded.   
 High stress condition.  To induce anxiety in the participants, we carried out the Trier 
Social Stress Test (TSTT) developed by Kirschbaum, Pirke, & Hellhammer (1993) which is a 
standardized stress reactivity protocol inducing moderate psychological stress in a laboratory 
setting (Dietrich & Verdolini Abbott, 2008; Kirschbaum et al., 1993).  We modified the test 
according to the new version designed by Tse et al. (in press) to match the background of 
participants.  The modified version has been validated to increase anxiety level and heart 
rate (Tse et al., in press).  
We carried out the speech task for the high stress condition in Room B with two video 
cameras and tape recorders installed next to an interview table.  There were two 
experimenters in Room B, experimenter A and experimenter B who was wearing a white 
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laboratory coat acting as the interviewer from HKU Cedars.  Experimenter B asked 
participants to present a 2-minute formal speech in English on a specified topic.  They were 
told that the speech would be recorded by video cameras and broadcasted on the campus TV 
as well as the official website of the HKU so that academic staff, students and visitors could 
view their performance.  Participants had three minutes preparation time.  Following the 
preparation, participants were requested to stand at a distance of two meters from the 
experimenters to deliver the speech.  If participants finished their speech in less than two 
minutes, the interviewer first stared at the participant silently for 20 seconds and then warned 
the participant that there was time remaining.  Half of the participants underwent the low 
stress condition first and the other half underwent the high stress condition first, to balance 
any possible order effect. At the end of experiment, experimenter debriefed participants about 
the purpose of the study. 
 Rating.  Raters were two native English speakers who both had over 20 years 
experience in listening to Cantonese speakers speaking in English.  The assessors judged the 
English-speaking proficiency level of the 60 participants in both low and high stress 
conditions from a one minute speech sample which was extracted from 00:30 to 01:30 in the 
original recording.  The raters first listened to the three simulated speech samples and 
judged the proficiency by referring to the "Indicator of Nativeness".  We randomized the 
speech samples in terms of stress condition and eliminated any identifying information.  The 
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raters did not know any the participants.     
 Statistical methodology.  We first compared the SRS score in L1 and L2 to address the 
research question on the correlation between L1 and L2 reinvestment level.  Participants 
were then categorized into two groups based on their L2 SRS scores.  The upper half 
referred to as HR [M = 58.7, SD = 2.51], while the lower half referred to LR [M = 47.7, SD = 
6.47].  To investigate the effect of reinvestment on proficiency and anxiety, we carried out 
two separate two-way analysis of variance with repeated measures with reinvestors group as 
well as stress as the independent variables while proficiency or anxiety as the dependent 
variable.   
 There was 10% of the speech data (12 samples) rated repeatedly for calculating 
intra-rater reliability.  The data from second rater was used only for calculating inter-rater 
reliability.  Intra-rater reliability [Spearsman Rho = .755, p = 008] and inter-rater reliability 
[Cronbach's α = .503] were found. 
Results 
Reinvestment Score in L1 and L2 
 The SRS scores in L1 (Cantonese) [M = 47.8, SD = .992] was lower than in L2 (English) 
[M = 53.2, SD = .952].  The Kolmogorov-Smirnov test showed that the L1 SRS scores, [D 
(60) = .108, p < .05], and the L2 SRS scores [D (60) =.128, p < .05] were not normally 
distributed, so we performed a non-parametric statistical test.  Wilcoxon Signed Ranks Test 
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revealed a significant difference between L1 and L2 SRS scores [z = -5.184, p < . 001].  L1 
reinvestment scores were significantly correlated with L2 reinvestment scores [Spearman’s rs 
= .516, p < .001].   
Low vs. High Reinvestors (Split Half)  
 L2 proficiency.  The mean L2 proficiency ratings for all participants were similar in 
both low [M = 4.26, SD = 2.79] and high stress conditions [M = 4.24, SD = 2.60].  A two 
way analysis of variance with repeated measures [reinvestment groups (half) x stress 
conditions] with proficiency rating as the dependent variable showed there were no 
significant differences between high and low reinvestor groups [F(1, 58) = .943, p = .336], 
and also no significant main effect of stress on proficiency [F(1, 58) = .004, p = .947]. 
 Anxiety.  The mean self-rated anxiety scores in the high stress condition [M = 6.06, SD 
= 2.07] were significantly higher than in low stress condition [M = 4.34, SD = 2.44].  In 
confirmation of the above result, we carried out another two way analysis of variance with 
repeated measures [reinvestment groups (half) x stress conditions] with anxiety level as the 
dependent variable.  A significant main effect of stress on anxiety level [F(1, 58) = 43.4, p 
< .001] was shown.  There were no significant differences between groups [F(1, 58) = .052, 
p = .820].  The group by stress interaction was not significant [F(1, 58) = .002, p = .962].  
A paired-sample t-test showed a significant difference [t(59) = -6.643, p < .001] on the 
anxiety level between low and high stress conditions.  
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Very Low vs. Very High Reinvestors (Upper and Lower Quartile) 
 Proficiency.  The above results did not reveal a significant effect of stress and 
reinvestment level on proficiency.  In order to examine the performance of participants in 
more details, we selected the two extremes of participants according to their L2 SRS scores.  
The very high reinvestor (VHR) group consisted of fifteen participants whose L2 SRS scores 
lay in the upper quartile while the very low reinvestor (VLR) group composed fifteen 
participants whose L2 SRS scores lay in the lower quartile.   
 A two way analysis of variance with repeated measures [reinvestment groups (quartile) x 
stress conditions] with proficiency rating as the dependent variable showed there were no 
significant differences between VLR and VHR groups [F(1, 28) = .173, p = .681], and also no 
significant main effect of stress on proficiency[F(1, 28) = 2.307, p = .140]. 
 The proficiency level of the VLR and VHR groups under low and high stress conditions 
was plotted in Figure 1.  The L2 proficiency scores of VHR were lower in high stress 
condition [M = 4.09, SD = .715] than in low stress condition [M = 4.80, SD = .710].  The 
declination was also shown in VLR from low [M = 3.96, SD = .703] to high stress condition 
[M = 4.09, SD = .831].  There was a more obvious decrease in proficiency level from low to 
high stress condition for VHR than VLR (see Figure 1).    
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Figure 1. L2 proficiency under low and high stress conditions of very high and very low 
reinvestors (quartile)  
 To further investigate the changes on L2 proficiency level under stress of each group, we 
carried out repeated t-tests between low and high stress conditions with proficiency as a 
dependent variable on both groups.  The results indicated a marginally significant difference 
in proficiency between stress conditions for VHR [t(14) = 1.89, p = .08]. The difference for 
VLR was not significant [t(14) = .319, p = .755].   
 Anxiety.  We used a two way analysis of variance with repeated measures 
[reinvestment groups (quartile) x stress conditions] with anxiety as dependent variable.  The 
results did not show a significant difference between VHR and VLR groups [F(1, 28) = .485,  
p = .492].  However, there was a significant main effect of stress on anxiety [F(1, 28) = 
25.217, p < .001].   
3 
3.2 
3.4 
3.6 
3.8 
4 
4.2 
4.4 
4.6 
4.8 
5 
Low stress High stress 
P
ro
fi
c
ie
n
c
y
 s
c
o
re
s
 
VLR 
VHR 
Running head: REINVESTMENT & L2 SPEECH PRODUCTION UNDER STRESS    17 
Discussion 
 In our study, only a small proportion of participants went to CMI and mostly went to 
EMI.  The reinvestment scores in L1 and L2 between CMI and EMI students were generally 
no different, so we assumed that the medium of languages in secondary school was not 
affecting the result.     
 There was significant support for the hypothesis that reinvestment level in L2 speech 
production was higher than in L1.  The results suggested that speakers paid more conscious 
control during speech production of L2 than L1.  We explain the result by referring to the 
theory of reinvestment proposed by Masters & Maxwell (2008) that reinvestment, which is 
the conscious control on motor movement by working memory, increases when a person 
attempts to manipulate more conscious control on the procedures of the movement.  
According to Levelt's model of bilingual speech production (1989), L2 speech production is a 
less automatic process than L1.  In L1 speech production, speakers access declarative 
memory for resources during the preverbal planning of message and monitoring of speech.  
This conscious awareness does not apply to the all speaking components.  Through 
extensive practice in L1 speech production, some of the process including encoding and 
articulation are stored in long-term memory and can be retrieved automatically during 
speaking (Levelt, 1989).  For L2 speakers, with less speaking experiences in L2, in addition 
to conceptualization and self-monitoring, they also exert attentional control when formulating 
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the grammatical and phonological plan, as well as executing the phonetic plan (Kormos, 2006; 
Levelt, 1989; Robinson, 2011).  Thus higher demands for conscious decision in L2 result in 
a higher level of reinvestment.    
 There was a strong correlation between the reinvestment scores in L1 and L2, implying 
that speakers who had a high reinvestment level in L1 tended to have high reinvestment level 
also in L2.  The possible explanation for the correlation is that the degree of reinvestment in 
speech production could associate with a certain type of personal characteristic or 
experiences (Masters et al., 2007; Masters & Maxwell, 2008).  Dewaele & Furnham (2000) 
has investigated the association between personality traits and L2 speech fluency.  Extravert 
speakers who were less anxious were found to have significantly better fluency than introvert 
speakers who were more anxious.  It is possible that a specific personality trait could lead to 
an increase of speech reinvestment independent of which language a person is speaking.   
 Another reason for the high correlation between L1 and L2 reinvestment level is that 
participants in our study were more likely to be fluent bilingual speakers due to early 
acquisition of English, long duration of English learning and high exposure to English.  
Thus, their speaking situation in L2 could be close to speaking in L1.        
 The second purpose of the experiment was to determine the relation among reinvestment, 
L2 proficiency and stress.  The self-reported anxiety level in the high stress condition was 
significantly higher than in low stress condition which suggested that the modified version of 
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TSTT was able to induce psychological stress on participants, as planned.  Besides, there 
was no significant differences in the effect of stress on anxiety level between both low and 
high reinvestor groups, indicating that the induced stress had similar effect on both groups.   
 A trend of decrease in L2 speaking proficiency from low to high stress conditions was 
observed in both very high and low reinvestors with a more obvious decline in the VHR than 
in the VLR group.  These results partially supported the hypothesis that providing pressure, 
HR tend to degrade more in speech proficiency under stress condition than LR.  The 
findings loaned some support to the theory of reinvestment on motor movement which found 
that HR were more likely then LR to suffer from performance breakdown under stress 
(Jackson et al., 2006; Kinrade et al., 2009; Liao & Masters, 2002; Masters et al., 1993; Orrell 
et al., 2009; Wilson et al., 2007).   
 As this was the first study to apply the reinvestment theory on L2 speech production 
under stress, we have attempted to explain the possible mechanisms leading to disruption on 
speech production by progression-regression hypothesis suggested by Masters and Maxwell 
(2008).  It states that perceptual-motor skills progress with practice and regress to a more 
novice form of movement when there is cognitive interference (Jagacinski & Hah, 1988).  
The progression-regression hypothesis fits the rule-based approach in L2 acquisition.  The 
rule-based approach states that through practice, automaticity is developed from declarative 
knowledge which requires the manipulation of attentional resources from working memory to 
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procedural knowledge which stores in the long term memory.  In the ACT (adaptive control 
of thought) production system (Anderson, 1983), development of automatic process involves 
three stages, from declarative stage to associative stage during which declarative knowledge 
is gradually changed to the final procedural stage.  When performers attempt to exert 
conscious control with declarative knowledge under a stressful condition, speech production 
can regress to an early declarative stage of L2 acquisition in which verbal cues and explicit 
knowledge are more relied upon (Anderson, 1982; Kormos, 2006; Masters & Maxwell, 2008).  
A higher demand for attentional resources also increases the risk of overloading the working 
memory (Dewaele & Fumham, 2000).  Thus, L2 proficiency decreases when speakers rely 
more on declarative knowledge (Iwashita, Brown, McNamara & O'hagan , 2008; McNamara, 
1996; Riazamtseva, 2001; Schmidt, 1992).  If HR, who have a higher propensity to reinvest 
on speech production are more vulnerable to regression of speech production under stress, a 
greater deterioration of speech proficiency could occur as the consequence.  
 As there was a decrease in L2 proficiency for both reinvestor groups, we explain the 
mechanism underlying the failure of speech under stress by referring to the concept of 
"competitive chunking" (CC) (Servan-Schreiber & Anderson, 1990).  In the theory of CC, it 
assumes that automatic learning is a process of chunking old existing components into a 
single unit which is stored in a hierarchical organization in memory.  Previous research 
(Masters et al., 1993) provided evidences that high level performance of a complex skill was 
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established by "chunking a sequence of smaller, separate, independent units into a single, 
integrated representation of actions" (p. 664).  The composition framework can be applied to 
Levelt's modular model of speech production (Levelt, 1989) that speech production is 
modular and is functioned by a number of processing components working in a simultaneous 
and relatively automatic way (Kormos, 2006; Levelt, 1989).  Stress can possibly disrupt the 
integrated speech production system, so the system decomposes back to the small units as if 
at the beginning stage of learning.  Each broken unit is therefore activated and allowed more 
room for error to occur at each transition between units, resulting in higher chances of error 
production.   
 Apart from the trend of declination of VHR from low to high stress condition, the 
experiment showed no other significant effects for stress and reinvestment on L2 speech 
proficiency.  There are several possible explanations for the results.  First, it is possible that 
the proficiency rating scale was not sensitive enough as shown from the relatively low 
inter-rater reliability.  Although we provided explicit instructions and speech samples to 
both raters prior to rating, training on judgment was not provided.   Raters might not 
completely understand the criteria for each level of proficiency, or may have different 
interpretations.  Rating on speech proficiency is a subjective measure and each individual 
can have a different perception towards the degree of speech proficiency.  A common 
agreement on proficiency of the same speech sample is therefore difficult to make.  
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In addition, the rating scale was not designed to measure each speech component but to 
give a global judgment based on fluency, vocabulary, grammar and pronunciation.  It is 
uncertain that to what extent a global judgment of speech proficiency is an accurate reflection 
of the individual dimensions.  Speech proficiency consists of a wide range of parameters 
including vocabulary, fluency, overall communicative effectives, intelligibility, 
comprehension, appropriateness, grammar, , and pronunciation (Brown, 2000; Iwashita et al., 
2008; McNamara, 1996).  An overall rating might generalize the effect of specific speech 
components which eliminates the changes on each domain by stress and reinvestment.     
 The stress-condition speech task implemented in the study might not be stressful enough 
to create a large demand for declarative knowledge to overload the working memory, 
allowing a greater chance for failure.  In our study, several participants reported that the 
high stress condition was less stressful than the low stress condition.  Masters et al. (1993) 
has investigated the reinvestment theory using a rod-tracing task.  The study failed to find 
support for the hypothesis that there would be a greater chance for HR to fail under stress.  
Yet, the study showed a significant result when a more complex motor task was employed.  
There is possibility that in our study, the differences between the low and high stress tasks 
were not large enough, in term of the cognitive demand to induce s disruption on movement.   
 The sample in this study was a unique group in Hong Kong, with high English 
proficiency in order to get admitted to HKU, and could be considered as bilingual.  This 
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could affect the results as the L2 proficiency was very high such that the L2 speaking process 
was rather automatic.  There might not be much deterioration of speech proficiency even 
when stress is induced which therefore restrict the range of propensity of reinvestment on 
speech production.  In addition, there were a relatively small number of participants in the 
research such that the result was not representative enough.   
Further Investigation 
 To ensure there is a more reliable measure for speech proficiency, more training can be 
provided to the judges on the perceptual rating of speech samples to ensure their 
understanding on the rating scale.  Besides, a more sensitive measurement scale of speech 
proficiency can be developed by investigating each item which contributes to the speech 
proficiency individually to look for specific changes.  Future studies can recruit a larger 
sample size and Cantonese speakers with a larger variation in English proficiency so that the 
results can be more representative of the overall Cantonese population speaking English as 
L2.  
 Furthermore, study on the relationship between reinvestment and speech proficiency 
under stress can be carried out in other contexts such as interview.  In addition, personality 
traits which may associate with speech reinvestment worth investigation in order to examine 
the possible predictors of failure in L2 speech production under stress.   
Conclusion 
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 This study examined the differences of reinvestment between L1and L2 speech 
production, and how the level of reinvestment impacted the disruption of speech proficiency 
in L2 under a stressful condition.  The results indicated that speakers had a significantly 
higher propensity to reinvest during L2 speech production than in L1.  There was a trend 
that VHR were more likely to decline in L2 speech performance than VLR when pressure 
was induced but the difference was not significant.   
We have argued that, due to incomplete knowledge in L2, the process of speech 
production was less automatic and depended more on declarative knowledge, thus speakers 
exerted more conscious control during L2 speech production.  The disruption of speech 
proficiency under stress was explained by the progression-regression hypothesis that speech 
performance could regress to early declarative stage of learning in which there was a higher 
demanding for attentional resources.  VHR who had greater tendency to conscious control 
on performance, were more likely to regress the L2 speech performance than VLR under 
stress.  We had also explained the mechanism of speech failure under stress by the concept 
of "competitive chunking", whereby the integrated speech processing system was broken into 
small units resulting in more opportunity for the occurrence of errors (Masters et al., 1993; 
Masters and Maxwell, 2008).   
Yet, there were several areas that worth to consider in this study.  The inter-rater 
reliability and the sensitivity of the rating scale were relatively low.  There was a lack of 
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training for the judges in measuring L2 speech proficiency.  Besides, the sample size was 
not representative for Cantonese population, and the task nature might not have been stressful 
enough to allow disruption to occur.  Further research with a more sensitive rating scale, 
training to raters, larger sample size and a more demanding context are necessary to extend 
the generalizability of our findings. 
 This study is contributing to the emerging research area of applying established 
principles of motor learning to speech motor tasks.  It is one of the first attempts to use the 
SRS on L2 speech production under stress and confirms the validity of the modified TSST 
used by Tze et al. (in press).  This study shows that conscious control does have an effect on 
motor speech performance, encouraging further exploration on the research area on motor 
speech production.   
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Appendix A 
Consent Form 
Dear Sir/Madam, 
Studies on Second Language production 
 You are invited to participate in a research study conducted by a final year student of 
Speech and Hearing Sciences under the supervision of Professor Tara Whitehill in the 
Department of Speech and Hearing Sciences at the University of Hong Kong.  This study 
examines consciousness that might relate to second language production.  The study also 
compares the consciousness levels of students with different degree of English proficiency. 
 You will be invited to fill out two sets of brief self-report online questionnaires to assess 
your awareness towards yourself during speaking of Cantonese and English.  The 
questionnaires will take on average 5 minutes.  Following the questionnaires, you will 
participate in two speaking situations which are conducted in English.  In addition, we will 
measure your to compete a questionnaire regarding how you are feeling during the speech 
tasks.  Altogether, the testing will take on average 35 minutes.  The research will take place 
in the Institute of Human Performance.  You may be audiotaped and videotaped during the 
procedure. 
 We may not be able to give you all the information about this study right now.  We will 
Running head: REINVESTMENT & L2 SPEECH PRODUCTION UNDER STRESS    32 
however do our best to explain the study to you fully during the debriefing. 
 You may find talking about your personal view during the procedure somewhat 
uncomfortable and upsetting.  Such discomforts, however, should be no greater than what 
we experience in everyday life.  Such discomforts will be kept to a minimum because short 
break is provided between tasks.  You will receive a small gift for your participation. 
 In this study, you will receive the result of your English oral proficiency level rated by 
native English speakers.  The result may give you insights about your English oral 
performance.  In addition, the research project can provide valuable information on the 
factors related to second language production.  This information in turn could help inform 
future methods for improving proficiency in L2.   
 Any information obtained in this study will remain strictly confidential, and will be used 
for research purposes only.  Codes, not names, are used on all test instruments to protect 
confidentiality.  All data will be digitalized and stored in computer in Motor Speech 
Laboratory with password protected.  You can review the audio/video-recording of the 
procedure.  We will erase the entire audio/videotape or parts of it if you want us to do so. 
 For research purposes, your participation will be audio/video-taped for further data 
checking.  After the completion of the study, all raw data will be given to my supervisor and 
stored in the computer in Motor Speech Laboratory with password protected.  The record 
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will be disposed of 5 years after publication of the relevant research results.  Your 
participation is voluntary.  This means that you can choose to stop at any time without 
negative consequences. 
 If you have any questions or concerns about this research study, please feel free to 
contact the Principal Investigator [xxx]; Telephone: [xxx]; Email: [xxx].  If you have 
questions about your rights as a research participant, contact the Human Research Ethics 
Committee for Non-Clinical Faculties, HKU (2241-5267). 
I _________________________________ (Name of Participant) understand the procedures 
described above and agree to participate in this study. 
 
________________________________________         
Signature of Participant       Date 
 
Date of Preparation:  
Expiration date: 
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Appendix B 
Debriefing Form                                                  
Prior to joining this program, you have already known that part of the program serves 
research purposes.   At the beginning of today’s introduction, I did not specify the details of 
the research.  We are actually looking at how the fluency of speaking in English different 
under stressful and non-stressful condition.   
 Psychological pressure is believed to induce negative effect on speaking, especially 
during second language production.  I want to compare how the presence and absence of 
stress would affect your fluency.  To ensure that maximum level of stress can be induced, 
we informed you that your speech would be videotaped and broadcasted in campus TV.  I 
expect that students’ fluency would be affected when feeling anxious during a public speech.  
However, in fact we are not going to broadcast your speech to public.  Your speech sample 
will only be used for data analysis and will be transcripted into archives with all personal 
identifies removed.  All data will be digitalized and stored in computer in Motor Speech 
Laboratory with password protected.  The record will be disposed of 5 years after 
publication of the relevant research results. 
 If you have any questions or concerns about this research study, please feel free to 
contact the Principal Investigator xxx; Telephone: [xxx]; Email: [xxx].  If you have 
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questions about your rights as a research participant, contact the Human Research Ethics 
Committee for Non-Clinical Faculties, HK U (2241-5267). 
 
Reply Slip 
 
I        (name) understand the information above and agree to 
participate in this research. 
 
Signature:       Date:       
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Appendix C 
說話行為反思量表(Wong, in preparation) 
Speech Reinvestment Scale (Wong, in preparation) 
第一部分 
這部分有十二條問題，請根據你在日常生活中使用母語 (即 廣東話) 時的情況作答，
並在各題中選出一個最能夠代表你的答案。 
There are 12 questions in this session.  Please answer according the situation when you are 
speaking in your native language (Cantonese) in daily lives.  You should pick the choice 
which represents you the most.   
第二部分 
這部分有十二條問題，請根據你在日常生活中使用第二語言 (即 英語) 時的情況作答，
並在各題中選出一個最能夠代表你的答案。 
There are 12 questions in this session.  Please answer according the situation when you are 
speaking in your second language (English) in daily lives.  You should pick the choice 
which represents you the most.   
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1) 我時常回想自己說話時的過程。 
I reflect about my speech production a lot. 
非常 
不同意 
不同意 
少許 
不同意 
少許 
同意 
同意 
非常 
同意 
Strongly 
disagree 
Disagree 
Slightly 
disagree 
Slightly 
agree 
Agree 
Strongly 
agree 
2) 在說話時，我會留意與說話相關的身體部份 (如嘴唇、舌頭、下巴、喉嚨等) 的活動。
I try to think about my speech movements (e.g. movements of my lips, tongue, jaw, larynx, 
etc.) when I speak. 
3) 在說話時我會留意自己口部的運作。 
I am aware of my way my mouth works when I am speaking. 
4) 我會嘗試找出有時口齒不清/發音不準的原因。 
I try to figure out why my speech sometimes fails me. 
5) 我會記得自己口齒不清/發音不準的時候。 
I remember the times when my speech has failed me. 
6) 我注重自己說話的方式。 
I am concerned about my style of speaking. 
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7) 我會留意自己說話時的外表。 
I am self-conscious about the way I look when I am speaking. 
8) 當我說話時，我會留意自己的聲音。 
I am self-conscious about how I sound when I am speaking. 
9) 如果我聽到一段自己的錄音，我會檢討自己說話的方式。 
If I listen to an audio recording of myself, I will evaluate the way I speak. 
10) 我有時覺得我在聽著自己說話。 
I sometimes have the feeling that I am listening to myself speak. 
11) 當我說話時我會注意別人對我的看法。 
I am concerned about what people think about me when I am speaking. 
12) 我注重自己發音和咬字的準確度。 
I am concerned about the accuracy of my pronunciations. 
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Appendix D 
Anxiety Thermometer (Houtman & Bakker, 1989) 
 
 
  
Not anxious at all                                Extremely anxious 
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Appendix E 
Rating Scale of Speech Proficiency 
 
 
 
Highly accented                               Completely native-like 
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Appendix F 
Indicators of Nativeness (Brown, 2000; Iwashita et al., 2008; McNamara, 1996) 
Band Fluency Vocabulary Grammar Intelligibility 
 
 
Completely 
native-like 
 
 
 
 
 
 
 
 
 
 
 
 
 
Highly 
accented 
Speak fluently;  
Appropriate speech rate; 
Rare repetition, self-correction 
and hesitation such as making 
sounds (e.g., err, um) 
Uses vocabulary with full 
flexibility and precision  
 
Uses a full range of structures such as 
articles, prepositions, 
countable/uncountable flexibly and 
accurately  
Precise pronunciation such as words with 
this sound (e.g., ‘this’, ‘father’), ends of 
words (e.g., ‘worries’, worried’; Flexible 
use of features like intonation and word 
stress (e.g., ‘temporary’ not ‘temporary’) ; 
Effortless to understand 
Speaks fluently; Appropriate 
speech rate; Occasional 
repetition, self-correction and 
hesitation 
Uses vocabulary flexibly with 
occasional inaccuracies  
Uses a wide range of structures 
flexibly;  
Occasional grammatical mistakes 
Precise pronunciation; 
Flexible use of features with occasional 
lapses;  
Minimal effect of L1 accent 
Mostly fluent speech; Too fast or 
too slow speech rate; Frequent 
repetition, self-correction, 
hesitation 
A wide enough vocabulary but 
with limited flexibility and 
inappropriateness 
 
Limited flexibility of structures;  
Frequent mistakes with complex 
structures but not with simple 
sentences  
Occasional mispronunciation; 
Mostly effective use of features;  
Some effect of L1 accent ; 
Generally understandable  
Speak slowly with long pauses;  
Frequent repetition, 
self-correction and hesitation 
Frequent errors in word choice; 
Insufficient vocabulary  
 
Errors are frequent in both simple and 
complex sentences; 
May lead to misunderstanding  
Frequent mispronunciations;  
Occasional use of pronunciation features;  
Obvious effect of L1 accent 
Pauses lengthy before most 
words; 
Overuse of sounds (err, um) 
Conveys basic meanings only;  
Repetitive use of simple 
vocabularies 
Few correct simple sentences 
Often lead to misunderstanding 
Few correct pronunciation; 
Significant effect of L1 accent; 
Difficult to understand 
